An exceptionally stable hollow cage containing 20 scandiums and 60 carbons was identified. This Sc 20 C 60 molecular cluster has a T h point group symmetry and a volleyball-like shape, that we refer to below as "Volleyballene". Electronic structure analysis shows that the formation of delocalized π bonds between Sc atoms and neighboring five-membered carbon rings is crucial for stabilizing the cage structure. A relatively large HOMO-LUMO gap was found. The results of vibrational frequency analysis and molecular dynamics simulations also demonstrate that this Volleyballene molecule is exceptionally stable.
Since the experimental observation of C 60 , 1 many very interesting structures have been proposed, such as M 8 C 12 (M=Ti, V, Zr, Hf, et al), 2, 3 Au 20 , 4 Au 32 , 5 Au 42 , 6 M@Si n (M=Transition Metals; n=14, 15, 16 ), 7 Eu@Si 20 , 8 Eu 2 Si 30 , 9 B 80 , 10 and B −/0 40 . 11 In the present work, an exceptionally stable hollow cage, Sc 20 C 60 Volleyballene, has been identified by first-principles density functional theory studies.
Our first-principles calculations were performed within the framework of spin-polarized density functional theory (DFT). The exchange-correlation interaction was treated within the generalized gradient approximation (GGA) using the Perdue-Burke-Ernzerhof (PBE) exchange-correlation functionals. 12 A double-numerical polarized (DNP) basis set 13 was chosen to carry out the electronic structure calculation with unrestricted symmetry. For the transition metal atoms, relativistic effects in the core were included by using the DFT semi-core pseudopotentials (DSPP). were carried out within the same framework as described above. After energy minimization, it was found that the optimized structures all showed relatively large deformations and did not retain their original topologies. However, closer observation of these configurations indicated that although the overall configurations were not viable, one or more Sc 8 C 10 subunit usually appeared, which further suggests that the Sc 8 C 10 subunit is very stable. Figure 3 shows three of the cage-like geometries examined before and after optimizations. Beneath each isomer is listed the relative binding energy (∆E b ) with respect to the Volleyballene. Clearly, from the energy point of view, the Volleyballene (shown in Fig. 1 ) was the lowest energy structure.
Initial Structures
Optimized Ones Considering further the question of stability, it is natural to explore the electronic structure.
To this end, we calculated the partial density of states (PDOS) and frontier molecular orbitals, 
